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1
CRYSTAL MORPHOLOGY FOR SODIUM
REDUCTION

BACKGROUND
Technical Field

Novel aspects of the present disclosure relate to a salt
composition and a corresponding method of manufacture,
and a resulting food product formed with the salt composi-
tion. More particularly, the present disclosure is directed to
a novel salt composition with a unique morphology that
increases its perceived saltiness.

Background

Although salt is a popular and effective seasoning, in
recent years, some consumers have expressed a preference
for food products having reduced levels of sodium. To
address these changing preferences, snack food manufac-
turers have applied a number of different methods for
reducing sodium content. In one simple method, snack food
recipes have been modified to use less salt. However, such
changes often result in an undesirable taste profile. Conse-
quently flavor rebalancing is often utilized in combination
with sodium reduction, which attempts to mask the reduced
saltiness with other flavors. Sodium contrast is yet another
method of sodium reduction, which relies on consumption
of two differently salted portions to increase perceived
saltiness when compared to consumption of uniformly salted
food portions. However, these currently used methods suffer
from various drawbacks, including but not limited to unde-
sirable changes in taste, increased cost, and/or complexity.
Thus, a need still exists in the art for reducing the sodium
content of savory food products without reducing its per-
ceived saltiness or otherwise diminishing consumer percep-
tion of the product.

SUMMARY OF THE INVENTION

Novel aspects of the present invention are directed to a
salt product and a corresponding method of manufacture for
reducing sodium content. In one embodiment, a salt com-
position is disclosed which is formed from a plurality of salt
crystals with a surface area of at least 0.19-0.23 m*/g and a
Hall density of less than 0.8 g/cm®. In some embodiments,
at least a portion of the salt composition has a hopper cube
morphology.

In another embodiment, a method of manufacturing a salt
product is disclosed which includes the steps of providing an
antisolvent solution; adding a salt solution to the antisolvent
solution to form a supersaturated solution, wherein the salt
solution has a concentration greater than 15 wt % solute, and
wherein the mass ratio of the salt solution to antisolvent
solution is in the range of 1:20 to 1:1.25; and crystallizing
the supersaturated solution to form the salt composition with
a plurality of salt crystals with a surface area of at least
0.19-0.23 m*/g and a Hall density of less than 0.8 g/cm®.

In yet another embodiment, a food product is disclosed
which includes an outer surface, and a salt composition
applied to the outer surface, wherein the salt composition
comprises a plurality of salt crystals with a surface area of
at least 0.19-0.23 m*/g and a Hall density of less than 0.8
g/em’.

Other aspects, embodiments and features of the invention
will become apparent from the following detailed descrip-
tion of the invention when considered in conjunction with
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the accompanying figures. In the figures, each identical, or
substantially similar component that is illustrated in various
figures is represented by a single numeral or notation. For
purposes of clarity, not every component is labeled in every
figure. Nor is every component of each embodiment of the
invention shown where illustration is not necessary to allow
those of ordinary skill in the art to understand the invention.

BRIEF DESCRIPTION OF THE FIGURES

The novel features believed characteristic of the invention
are set forth in the appended claims. The invention itself,
however, as well as a preferred mode of use, further objec-
tives and advantages thereof, will be best understood by
reference to the following detailed description of illustrative
embodiments when read in conjunction with the accompa-
nying figures, wherein:

FIG. 1 is a drawing depicting a salt crystal with a hopper
cube morphology in accordance with an illustrative embodi-
ment.

FIGS. 2a-2e¢ are micrographs depicting representative
crystal morphologies formed by antisolvent crystallization
in accordance with an illustrative embodiment.

FIGS. 3a and 35 are micrographs depicting representative
samples of salt crystals formed from salt solutions with
varying salt concentrations.

FIGS. 4a and 45 are micrographs depicting representative
samples of salt crystals formed from antisolvents with
varying ethanol concentrations.

FIGS. 5a and 55 are micrographs depicting representative
samples of salt crystals formed from supersaturated solu-
tions exposed to varying stirring rates.

FIG. 6a-6f are micrographs depicting representative
samples of salt crystals formed in the presence of salt
solution additives.

FIG. 7 is a flowchart of a process for forming a salt
composition in accordance with an illustrative embodiment.

FIG. 8 is a graph depicting dissolution behavior of hopper
cubes as a function of particle size.

DETAILED DESCRIPTION

Salt is an important ingredient in food products, and
particularly important in savory snacks such as potato chips,
pretzels, and tortilla chips. Traditional salt crystals are
relatively large, solid cubes that range in size from 45-600
um. Due to their size and morphology, traditional salt
crystals only partially dissolve in the mouth during con-
sumption so that the majority of salt is swallowed without
contributing to the perceived saltiness of the food product.
Thus, at least one previous attempt at reducing sodium
content involved finely granulating the salt crystals to
increase dissolution rate of the applied salt in the mouth,
which resulted in an increased perception of saltiness. How-
ever, widespread use of finely granulated salt is limited by
the ability to apply the salt using conventionally available
equipment. Smaller salt particles do not readily flow and as
a result, finely granulated salt particles cannot be applied
using conventionally available equipment. Further, salt
applied as seasoning on savory snacks are often adhered to
the food product with a layer of oil, and exceedingly small
salt crystals that are fully submerged within the layer of oil
are believed to have a reduced contribution to perceived
saltiness.

Accordingly, novel aspects of the illustrative embodi-
ments disclosed herein recognize a need for creating a salt
product with an increased perceived saltiness, which can be
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applied to food products at a lower concentration to achieve
similar levels of saltiness, but which can be applied using
conventionally available equipment. In particular, the dis-
closure is directed to a salt composition and an accompa-
nying method of manufacture that creates a salt product with
salt crystals having a particular morphology that increases
its dissolution rate so that the applied salt may be perceived
as saltier than conventionally available salt crystals.

Salt crystal morphology can be modified with antisolvent
crystallization, which is a method of forming salt crystals by
mixing a salt solution with an antisolvent. The antisolvent is
a solution that reduces the solubility of the solute in the salt
solution. When combined with a salt solution, the resultant
mixture forms a supersaturated solution with a supersatura-
tion driving force that causes crystallization. The supersatu-
ration driving force is the difference in chemical potential
between a molecule in solution and the chemical potential of
a molecule in the bulk of the crystal phase. In a non-limiting
example, where ethanol is the antisolvent and aqueous
sodium chloride is the salt solution, antisolvent crystalliza-
tion proceeds according to the following formula:

NaCl(aq)+EtOH—EtOH(aq)+NaCl|

Salt crystal morphology from antisolvent crystallization is
highly process-specific. Thus, size and shape of salt crystals
formed by antisolvent crystallization are affected by a num-
ber of different variables including concentration of salt in
the salt solution, alcohol content in the antisolvent solution,
presence of additives, and mixing conditions. Mixing con-
dition variables can be further broken down into mixing
temperature and stirring rate. The effect of each of these
variables were considered in turn to determine a correspond-
ing effect on salt crystal morphology and ultimately on
perceived saltiness. As will be discussed in more detail
below, selection of certain variables resulted in the creation
of a salt crystal with a hopper cube morphology that pro-
vided an increased dissolution rate as compared with other
conventionally available salt crystals.

FIG. 1is an illustration of a salt crystal with a hopper cube
morphology in accordance with an illustrative embodiment.
As used herein, a salt crystal with a hopper cube morphology
may be referred to in the alternative as a hopper cube.
Hopper cube 100 can be described as a cube-shaped crystal
with six faces 102, each of which has four edges 104
generally defining a square. Each face 102 has a set of
square-shaped steps 106 receding inwardly into each face
102. When compared with a traditional salt crystal having
the same outer dimensions, the hopper cube 100 has a larger
surface area than a traditional salt crystal but a lower density.
As a result, the hopper cube 100 has a faster dissolution rate
than a traditional salt crystal with the same dimensions.

Hopper cubes are formed when a crystal grows faster at
the edges than at the center of the crystal face. Crystal
growth rate is determined by a supersaturation driving
force—a higher supersaturation leads to rapid nucleation
and dendritic growth (i.e., faster edge growth). The solute
concentration and the supersaturation driving force are high-
est when the salt solution and the antisolvent are first mixed,
resulting in the formation of crystals with more elaborate
morphologies, such as hopper cubes. As the solute concen-
tration decreases, the supersaturation force decreases, slow-
ing the rate of crystal growth, which allows the faces of the
crystals to fill in. Accordingly, crystals formed from anti-
solvent crystallization have a range of sizes and morpholo-
gies, as can be seen in more detail in FIG. 2.

Because salt content in the salt solution contributes to the
supersaturation driving force of the supersaturated solution,
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salt content was varied to determine corresponding effects
on salt crystal morphology. Specifically, salt solutions hav-
ing various concentrations were prepared using sodium
chloride dissolved in water according to the following
equation:

weight of salt (g)

weight of salt solution (g) > 100

salt concentration=

Using the equation above, salt solutions of 15 wt %, 20 wt
%, and 25 wt % were prepared and each was mixed with an
antisolvent solution of 95 vol % ethanol to form salt crystals.
The resultant crystal morphologies were analyzed. The 15
wt % salt solution was not sufficiently saturated to produce
salt crystals. Although both the 20 wt % salt solution and the
25 wt % salt solution produced hopper cubes, the 25 wt %
salt solution produced salt crystals with a broader size range
and the formation of complex hopper cubes, as can be seen
in FIG. 2.

For cube-shaped crystals, size was determined by mea-
suring along an edge of a salt crystal from one corner to an
adjacent corner. In the event that the salt crystal lacked a
clearly defined edge, as is evident in complex hopper cubes,
size was determined by measuring the length between two
adjacent corners of a hypothetical cube sized to circumscribe
the entire cube-shaped crystal.

FIGS. 2a-2e¢ are micrographs depicting representative
crystal morphologies formed by antisolvent crystallization
in accordance with an illustrative embodiment, shown in
order of increasing complexity. FIG. 2a depicts a represen-
tative solid cube that has a size of about 20 pm, but may
range in size from 10-30 pm. The surfaces of the solid cubes
may have irregular-shaped patterns. FIG. 25 depicts a rep-
resentative hollow cube that has a size of less than 50 pum,
but more specifically a size in the range between 30-50 pm.
The hollow cube has generally flat faces (i.e., lacks square-
shaped steps) with a hole in the center of one or more of the
faces. FIG. 2¢ depicts a representative simple hopper cube
formed by antisolvent crystallization. The simple hopper
cube has six faces, each of which has four straight edges, and
one or more square-shaped steps receding inwardly into
each face. Additionally, the simple hopper cube has a size
that is less than 100 pm, but more specifically a size in the
range between 50-100 pum. FIG. 24 depicts a representative
mature hopper cube. The mature hopper cube has six faces,
each of has four straight edges, and a plurality of square-
shaped steps receding inwardly into each face. Additionally,
the mature hopper cube has a size that is greater than 100
um, but more specifically a size in the range between
100-150 um. FIG. 2e depicts a representative complex
hopper cube formed by antisolvent crystallization. The com-
plex hopper cube is a generally cube-shaped crystal with a
size that is smaller than 150 um, and more particularly a size
in the range between 80-150 um. The complex hopper cube
differs from the simple hopper cube and the mature complex
hopper cube in that the complex hopper cube lacks the
defined, uninterrupted edges that extend from corner to
corner. Instead, the complex hopper cubes are generally
cubic crystals with one or more edges that have at least two
directions of growth. For example, complex hopper cube in
FIG. 2¢ has an edge 104 that has a direction of growth along
line 108a and another direction of growth along the line
1085.

In the absence of mixing or increased temperature, when
25 wt % salt solution is mixed with an antisolvent formed
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from 95 vol % ethanol, the higher supersaturation driving
force results in the formation of complex hopper cubes
shown in FIG. 2e, as well as the range of crystals morpholo-
gies depicted in FIG. 2a-2d. In the absence of mixing or
increased temperature, when the 20 wt % salt solution is
mixed with an antisolvent, the relatively lower supersatura-
tion driving force is insufficient to create complex hopper
cubes, but instead form crystals with morphologies that
range from the mature hopper cubes of FIG. 24 to the solid
cubes in FIG. 2a.

As an example, FIGS. 3a and 35 are micrographs depict-
ing representative samples of salt crystals formed from salt
solutions with varying salt concentrations. FIG. 3a shows
salt crystals formed from a salt solution with 20 wt % salt,
and FIG. 3b shows salt crystals formed from a salt solution
with 25 wt % salt.

Accordingly, in an illustrative embodiment, a salt solution
of greater than 15 wt % solute can be added to an antisolvent
to create hopper crystals by way of antisolvent crystalliza-
tion. In another embodiment, the salt solution is greater than
15 wt % but less than 27 wt % solute to achieve salt crystals
with hopper cube morphologies.

Having established that salt content of a salt solution
affects salt crystal morphology and that 25 wt % salt solution
yielded hopper cubes, the alcohol content of the antisolvent
solution was varied to determine a corresponding effect on
crystal morphology. In a non-limiting embodiment, the
antisolvent solution includes ethanol, the amount of which
was varied as indicated below. When 15 g of 25 wt % salt
solution was mixed with 150 g of 100 vol % ethanol (i.e.,
200 proof ethanol), salt rapidly nucleates at the interface
between the antisolvent and the salt solution, resulting in the
formation of a high number of small salt crystal nuclei with
a size of about 5 um. These fine particles agglomerated into
a cake after drying and were not easily separated into
individual particles. However, when the same salt solution
was poured into 150 g of 95 vol % ethanol, salt crystals were
obtained which included hopper cubes that ranged in size
from 30-150 pm along with some solid cubes of about 20
um. The results of this experiment are shown in FIG. 4.

FIGS. 4a and 45 are micrographs depicting representative
samples of salt crystals formed by antisolvent crystallization
with varying ethanol concentrations. In particular, FIG. 4a
depicts salt crystals formed from the mixture of 15 g of 25
wt % salt solution with 150 g of 100 vol % ethanol, and FIG.
4b depicts 15 g of 25 wt % salt solution mixed with 150 g
of 95 vol % ethanol in water. As previously discussed, salt
crystals formed from 100 vol % ethanol yields small, crystal
nuclei, whereas salt crystals formed from 95 vol % ethanol
yielded a range of crystal morphologies ranging from hopper
cubes to solid cubes.

Thus, in a non-limiting embodiment, the antisolvent crys-
tallization method utilizes an antisolvent that is less than 100
vol % ethanol (i.e., less than 200 proof ethanol). In another
embodiment, the antisolvent solution has ethanol in the
range greater than 80 vol % but less than 100 vol % ethanol
in water, and in a more specific embodiment, the antisolvent
is a solution that is 95 vol % ethanol in water.

Salt crystals with hopper cube morphology was obtained
by mixing the salt solution with the antisolvent as described
above at mass ratio of salt solution to antisolvent in the range
ot 1:20 to 1:1.25, but more specifically in the range between
1:10 to 3:5, inclusive.

Mixing condition variables can be further broken down
into mixing temperature and stirring rate. Although mixing
temperature has an effect on solubility and rates of reaction,
temperature was maintained at around room temperature,
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between 20-30° C., and more specifically around 25° C.
(298K) so that the method for manufacturing salt crystals
with a hopper cube morphology would not require the use of
heat exchangers that would increase the complexity and cost
of manufacture. Accordingly, while maintaining the mixing
temperature at room temperature, stirring rate was varied to
determine the corresponding effect on crystal morphology.

To test the effect of mixing speed on salt crystal mor-
phology, 30 g of 25 wt % salt solution was mixed with an
antisolvent formed from 100 g 95 vol % ethanol while
stirred. Stirring was accomplished with a conventional mag-
netic stir bar. In a first test, the salt solution was mixed with
the antisolvent and stirred at 125 RPM. In a second test, the
salt solution was mixed with the antisolvent and stirred at
1100 RPM. The results are depicted in FIG. 5.

FIGS. 5a and 55 are micrographs depicting representative
samples of salt crystals formed from supersaturated solu-
tions exposed to varying stirring rates. FIG. 5a depicts salt
crystals formed with stirring at 125 RPM, and FIG. 5b
depicts salt crystals formed with stirring at 1100 RPM.
When compared to salt crystals formed in an antisolvent
crystallization method that was devoid of mixing, stirred
samples yielded smaller cubes, but a larger number of
complex hopper cubes. The increased stirring rate likely
increases the probability of contact between the solute
molecules, permitting faster crystal growth that is associated
with the formation of complex hopper cubes. The sizes of
the hopper cubes ranged from 40-120 um. Smaller crystal
sizes were observed at the highest mixing rate, which could
be attributed at least in part to breakage during stirring.

Accordingly, in one embodiment, an antisolvent crystal-
lization method is disclosed that includes a mixing step
where the supersaturated solution formed from an antisol-
vent and a salt solution is stirred with a magnetic stir bar
rotating at less than 1100 RPM. In another embodiment, the
magnetic stir bar rotates at 125 RPM or less so that larger
crystals may be obtained. In a final embodiment, a salt
solution is mixed with an antisolvent in the absence of
mixing so that the largest possible salt crystals may be
obtained.

Additives may also be introduced to the salt solution
before combining with antisolvent. The additives alter salt
crystal morphology by acting as capping agents that change
the surface free energies of crystal faces via adsorption
and/or chemical interaction. The following additives were
investigated to determine their effects on crystal morphol-
ogy: potassium chloride (KCI), sodium alginate (Na
(CsHgOy),), citric acid (C HO,), tri-calcium phosphate

(Cas(PO,)2), barbituric acid (C,H,N,0;), glycine
(C,HNO,), sodium  citrate  (HOC(COONa)(CH,
COONa),), and calcium lactate (CsH,,CaOg). Of these,

barbituric acid, glycine, and sodium citrate were shown to
alter salt crystal morphology at 0.5 wt % of the mass of salt
in the salt solution, the results of which are shown in FIG.
6.

FIG. 6a-6f are micrographs depicting representative
samples of salt crystals formed in the presence of salt
solution additives. Modified salt solutions were formed by
mixing one of the additives at 0.5 wt % into 30 g of 25 wt
% salt solution. The modified salt solution was then com-
bined with 100 g of 95 vol % ethanol at room temperature
in the presence of mild stirring. FIGS. 64 and 65 show the
crystals formed when barbituric acid was mixed into the salt
solution prior to combination with antisolvent. The salt
crystals include solid cubes, hollow cubes, simple hopper
cubes, complex hopper cubes, and also horned cubes. The
horned cube is a crystal that has eight horn-like structures,
each of which extend from the center of the crystal structure
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to a different corner of a hypothetical cube drawn to cir-
cumscribe the crystal structure. The horned cube is formed
when the supersaturation driving force is the highest, which
is evident by the complexity of the dendritic formations. As
the solute is consumed and the supersaturation force
decreases, the complex hopper cubes, mature hopper cubes,
simple hopper cubes, hollow cubes, and solid cubes are
formed, each in turn.

FIGS. 6c¢ and 6d show the crystals formed when glycine
is added into the salt solution prior to combining with
antisolvent. The resultant crystals may be generally
described as agglomerations of smaller cubes that form
strands or clumps of cubes. The smaller cubes may include
solid cubes, hollow cubes, and simple hopper cubes.

FIGS. 6e and 6f show the crystals formed when sodium
citrate is added into the salt solution prior to combination
with antisolvent. The resultant crystals may be generally
described as rounded versions of crystals formed in the
absence of sodium citrate. Thus, the cubes may be described
as resembling solid cubes, hollow cubes, simple hopper
cubes, and complex hopper cubes, but with rounded edges
and curved, concave surfaces instead of square-shaped steps.

FIG. 7 is a flowchart of a process for forming a salt
composition in accordance with an illustrative embodiment.
In a first step, an antisolvent solution is provided (Step 702).
In a non-limiting embodiment, the antisolvent solution is
ethanol that is less than 200 proof (less than 100 vol %
ethanol), and in another embodiment, the ethanol is between
180 and 200 proof (between 90-100 vol % ethanol). At least
one exemplary embodiment uses an antisolvent solution that
is 190 proof (95 vol %) ethanol.

In a second step, a salt solution is provided (Step 704).
The salt solution is formed from a solute dissolved in a
solvent, combined at room temperature and mixed until all
solute particles are fully dissolved. Room temperature may
range from 293-303K (20-30° C.). In one embodiment, the
solute is present in an amount greater than 15 wt % of the
salt solution. In another embodiment, the solute is between
15-27 wt % of the salt solution. In the exemplary embodi-
ment disclosed, the solute includes sodium chloride and the
solvent is water.

In some embodiments, the solute may include other
additives in an amount between 0.3-0.8 wt % of the sodium
chloride. An exemplary embodiment includes one or more
additives in an amount of about 0.5 wt % of the sodium
chloride.

The salt solution is added to the antisolvent solution to
form a supersaturated solution (Step 706). The salt solution
may be added to the antisolvent solution at a weight ratio
between 1:20to 1:1.25, at room temperature. In this step, the
mixing of the salt solution and the antisolvent solution may
be achieved in the absence of stirring. In an alternative
embodiment, addition of the salt solution to the antisolvent
solution may be accomplished in the presence of stirring.
Stirring may be achieved by a magnetic stir bar rotating at
less than 1100 RPM, and in some embodiments the magnetic
stir bar rotates at 125 RPM or less.

The supersaturated solution is crystallized to form a salt
composition (Step 708). In one embodiment, the supersatu-
rated solution is crystallized for a time between 5-15 min-
utes, and in one particular embodiment the supersaturated
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solution is crystallized for approximately 10 minutes. The
salt composition includes hopper cube salt crystals. Option-
ally, the salt composition may be subjected to post-process-
ing steps, which may include drying the salt composition
using conventional methods including but not limited to
vacuum filtration and separation into one or more size-based
fractions. In addition, the steps of the method described
above are carried out at room temperature, e.g., between 20°
C.-30° C., to eliminate the additional cost and complexity
that would be associated with the utilization of heating
elements.

The salt composition formed from antisolvent crystalli-
zation may be applied to a food product to achieve a desired
level of saltiness. Alternatively, the salt composition may be
separated into two or more fractions based on size so that the
salt composition added to the food product may include salt
crystals from a particular size range, or from a combination
of two or more size ranges. The food product may be a salty
snack, such as potato chips, pretzels, or tortilla chips with a
relatively low moisture content, generally less than 5 wt %.
The low moisture content limits the dissolution of the salt
crystals in the salt composition, preserving the salt crystal
morphology with the increased dissolution rate. In a non-
limiting embodiment, the salt composition is applied to the
exterior surface of the food product to form a salted food
product. Because the morphology of the salt crystal
described herein increases the dissolution rate, the salted
food product requires less salt to achieve the same level of
saltiness than conventionally available salts. The compara-
tive examples discussed below as evidence in support of the
increased dissolution rate of the novel salt composition
described herein.

COMPARATIVE EXAMPLES

Salt crystals were formed by antisolvent crystallization
and compared with conventionally available salt. The anti-
solvent crystallization method used to form the salt compo-
sition in Table 1 included the steps of mixing 25 wt % salt
solution into a 95 vol % ethanol salt solution at room
temperature and in the absence of mixing. The resultant
supersaturated solution was allowed to crystallize for about
10 minutes, and the resultant salt composition was filtered
out and dried for 12 hours at 120° C. and above 25 inches
of mercury. The salt composition formed from antisolvent
crystallization was characterized using the following con-
ventional Designer Salt Testing Protocols: Hall density
(ASTM Standard B212-99), bulk density (ASTM Standard
B527-06) and flowability (ASTM standard B213-03,
Method 1), and surface area (Brunauer-Emmett-Teller
method using ASAP 2020 automated surface area instru-
ments). These results were compared with conventionally
available salt: “15-micron salt,” Alberger Select Salt,
Alberger Fine Flake Salt, and pure salt. Table 1 lists the
results of that test.
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Characterization of Salt Particle:

Surface Bulk Hall
Area Density Density Flowability
Salt Type (m?/g) Particle shape (size in um) (glem®)  (g/em®) (g/s)
15-Micron 0.70  Small cube (1-5); agglomerated 0.91 No No Flow
cube assembly (45-600) Flow
Hopper Cube 0.21 Hopper cubes (50-250); hollow 0.85 0.74 0.21
cubes (30-50); solid cubes (~20)
Alberger 0.18 Cube (30-80); cube assembly (90-425); 0.94 0.84 0.39
Select irregular plate (150-600)
Alberger Fine 0.14 Cube agglomerates (45-250); 1.04 0.87 0.30
Flake plate/flake (250-600)
Pure 0.07  Solid cubes (45-600) 1.37 1.32 0.49
The salt crystals with the hopper cube morphology had TABLE 2-continued
the lowest bulk density of all the salts but the second highest
surface area, behind only the 15-micron salt. The high Artificial Saliva Composition
surface area of the 15-micron salt is attributed to the portion 2° Buffer Artificial Saliva
of crystals with the small cube morphology. However, the Ingredient (g) (g)
§mall cubes of the. .15-mlcr0n salt crystal.s . negatively Sodium Carboxyl Methyl Cellulose 10
impacted the flowability of the salt composition. Larger Na-CMC
surface area contributes to higher dissolution rates. De-ionized water 1000 1000

The dissolution rate of the hopper cube salt crystals were
measured and compared with the dissolution rates for 15-mi-
cron salt, Alberger Select salt, Alberger Fine Flake, and pure
salt. Dissolution is the process by which a solid substance,
such as salt crystals, become solutes in a solution, such as
water. Dissolution rate is dependent upon a number of
factors including temperature, agitation rate, and surface
area of particles. Smaller particles dissolve faster than larger
particles. Accordingly, dissolution rate was determined for
salt particles separated into the following particle size
ranges: 45-90 pm, 90-150 pm, 150-212 pm, 212-250 pm,
and 250-300 pm.

The dissolution rates were determined by measuring
electrical conductivity of various salt compositions dis-
solved in an artificial saliva based on the theory that the
dissolution of salt changes the ionic conductivity of the
solution, which can be measured to quantify the rate of
dissolution. Electrical conductivity is the ability of a solu-
tion to conduct an electrical current, which is attributable to
the presence of dissolved solids which have been ionized in
a polar solution, like water. Conductivity can be measured
by applying an alternating electrical current to two elec-
trodes immersed in a solution and measuring the resulting
voltage. Conductivity experiments described herein were
performed at room temperature using Thermo Scientific™
Orion™ Star A222 Conductivity Portable Meter.

The composition of the artificial saliva solution was
mixed according to the Table 2.

TABLE 2

Axrtificial Saliva Composition

Buffer Artificial Saliva
Ingredient (g) (g)
Sodium Bicarbonate 5.208 5.208
NaHCO,
Potassium phosphate dibasic trihydrate 1.369 1.369
K,HPO,*3H,0
Sodium Chloride 0.877 0.877
NaCl
Potassium Chloride 0.477 0.477

KcCl
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Salt particles were oven dried at 120° C. for 2 hours, then
cooled to room temperature and maintained in a desiccator
before the conductivity tests were performed. Three trials
were conducted for each salt at each salt particle size range.
For each trial, 40 mg of salt was dissolved in 80 g of artificial
saliva at room temperature while stirring with a magnetic
stir bar rotating at 900 RPM. Results are shown in Tables
3-6.

Tables 3-6 compare the dissolution rate of the conven-
tionally available salts listed out in Table 1 with the novel
antisolvent salt composition described herein. More specifi-
cally, Tables 3-7 compare times required to dissolve 50% of
a salt sample (t500,), 80% of the salt sample (tgqo,), 90% of
the salt sample (tgq0,), and 100% of the salt sample (t,yq0,)-

TABLE 3
teo, for Selected Salt Compositions
Alberger
Particle Size  Pure Alberger Fine Antisolvent
(pm) Salt Select 15-micron Flake Salt
45-90 05s 0.7s n/a n/a 05s
90-150 08s 0.7s n/a 1.0s 05s
150-212 1.0s 0.7s 03s 09s 05s
212-250 1.2s 0.8s 05s 1.1s 05s
250-300 1.8s 08s 0.7s n/a 0.7s
300-425 25s 1.0s 10 s n/a 08s
425-600 35s na 13s n/a n/a
TABLE 4
teno, for Selected Salt Compositions
Alberger
Particle Size  Pure Alberger Fine Antisolvent
(pm) Salt Select 15-micron Flake Salt
45-90 0.8s 1.3s n/a n/a 1.1s
90-150 1.2s 1.1s n/a 1.7s 1.1s
150-212 20s 14s 08 s 1.6s 1.2s
212-250 25s 1.7s 1.5s 1.7s 1.3s
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TABLE 4-continued

tane, Tor Selected Salt Composition;

Alberger
Particle Size  Pure Alberger Fine Antisolvent
(pm) Salt Select 15-micron Flake Salt
250-300 4.0s 1.7s 1.5s 20s 15s
300-425 6.0s 2.1s 20s n/a 20s
425-600 75s n/a 2.8s n/a n/a
TABLE 5
tone, Tor Selected Salt Composition
Alberger
Particle Size  Pure Alberger Fine Antisolvent
(pm) Salt Select 15-micron Flake Salt
45-90 1.5s 1.6s na n/a 1.5s
90-150 20s 14s n/a 2.1s 15s
150-212 30s 1.6s 14s 2s 14s
212-250 4.0s 22s 2.5s 2.6s 1.8s
250-300 50s 24s 2.5s 2.6s 20s
300-425 8.0s 30s 3.6s n/a 25s
425-600 10.0s n/a 3.6s n/a n/a
TABLE 6
t,000, for Selected Salt Compositions
Alberger
Particle Size  Pure Alberger Fine Antisolvent
(pm) Salt Select 15-micron Flake Salt
45-90 25s 22s na n/a 22s
90-150 33s 24s n/a 30s 20s
150-212 50s 32s 4.2s 33s 25s
212-250 52s 35s 52s 3.7s 23s
250-300 75s 3.7s 53s 4.0s 33s
300-425 13.0s 50s 6.2s n/a 45s
425-600 14.0s n/a 6.8 s n/a n/a

The data included within Tables 3-6 show that t5g.,, tgqo,.
togoss and 1,500, increases with increasing particle sizes.
Further, different morphologies affect dissolution times. The
15-micron salt and the antisolvent salt composition dissolve
faster than pure salt, Alberger Select, and Alberger Fine
Flake salt.

FIG. 8 is a graph depicting dissolution behavior of salt
crystals formed by antisolvent crystallization as a function
of particle size. The graph shows that smaller salt crystals
generally dissolve faster than larger salt crystals. The y-axis
is represented as the difference between a current conduc-
tivity (c,) and the initial conductivity (c,), but normalized to
1 using the following formula:

= - P —
Ymax = (¢ = Co) .

where ¢, is the maximum conductivity reached.

Having established that the novel salt composition formed
by antisolvent crystallization has a higher dissolution rate
than a majority of conventionally available salt, a test was
performed to compare a sample of commercially available
potato chips (control sample) with samples salted with the
novel salt composition at varying concentrations (experi-
mental samples). An expert panel was asked to compare the
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control sample and experimental samples according to a
number of attributes, one of which included salty taste. The
expert panel concluded that an experimental sample with
about a 20% less sodium than the control sample was
perceived as salty as the control sample.

The salt composition, corresponding method of manufac-
ture, and reduced salt food product described herein is a
remarkable improvement on the prior art because the
amount of salt applied to a food product can be reduced by
at least 20% with no meaningful difference in saltiness
perception by the consumer. Moreover, novel aspects of
certain embodiments described herein can achieve sodium
reduction without the inclusion of compounds other than
sodium chloride.

Additional Embodiments

The following descriptive embodiments are offered in
further support of the disclosed invention:

In a first embodiment, novel aspects of the present dis-
closure are directed to a salt composition comprising a
plurality of salt crystals with a surface areca of at least
0.19-0.23 m*/g and a Hall density of less than 0.8 g/cm’.

In another aspect of the first embodiment, the salt com-
position comprises a plurality of salt crystals with a surface
area of at least 0.19-0.23 m*/g and a Hall density of less than
0.8 g/cm®, the salt composition further comprising one or
more limitations selected from the following:

wherein the plurality of salt crystals further comprises a
bulk density of less than 0.90 g/cm?>;

wherein each of the plurality of salt crystals is at least 10
um in size;

wherein the plurality of salt crystals comprises a first
portion having a mature hopper cube morphology;

wherein the plurality of salt crystals in the first portion are
between 80-150 um in size;

wherein the plurality of salt crystals further comprises a
second portion having a simple hopper cube morphology, a
third portion having a hollow cube morphology, and a fourth
portion having a solid cube morphology;

wherein the plurality of salt crystals in the second portion
are between 50-100 um in size, wherein the plurality of salt
crystals in the third portion are between 30-50 um in size,
wherein the plurality of salt crystals in the fourth portion are
between 15-25 um in size;

wherein the plurality of salt crystals further comprises a
fifth portion having a complex hopper cube morphology;

wherein the plurality of salt crystals in the fifth portion are
between 80-150 um in size;

wherein the plurality of salt crystals comprises sodium
chloride;

wherein the plurality of salt crystals further comprises an
additive in an amount between 0.3-0.8 wt % of the salt
crystals; and

wherein the additive is selected from the group consisting
of barbituric acid, glycine, and sodium citrate.

In a second embodiment, novel aspects of the present
disclosure are directed to a method for forming a salt
composition, the method comprising: providing an antisol-
vent solution; adding a salt solution to the antisolvent
solution to form a supersaturated solution, wherein the salt
solution has a concentration greater than 15 wt % solute,
wherein the mass ratio of the salt solution to antisolvent
solution is in the range of 1:20 to 1:1.25; and crystallizing
the supersaturated solution to form the salt composition with
a plurality of salt crystals with a surface area of at least
0.19-0.23 m*/g and a Hall density of less than 0.8 g/cm®.
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In another aspect of the second embodiment, novel
aspects of the present disclosure are directed to a method for
forming a salt composition, the method comprising: provid-
ing an antisolvent solution; adding a salt solution to the
antisolvent solution to form a supersaturated solution,
wherein the salt solution has a concentration greater than 15
wt % solute, wherein the mass ratio of the salt solution to
antisolvent solution is in the range of 1:20 to 1:1.25; and
crystallizing the supersaturated solution to form the salt
composition with a plurality of salt crystals with a surface
area of at least 0.19-0.23 m?/g and a Hall density of less than
0.8 g/ecm®, the method further comprising one or more
limitations selected from the following:

wherein the salt solution comprises a solute dissolved in
a solvent, and wherein the salt solution is less than 27 wt %
salt solution;

wherein the solute comprises sodium chloride, and
wherein the solvent comprises water;

wherein the antisolvent is ethanol;

wherein the antisolvent is less than 100 vol % ethanol;

wherein the antisolvent is greater than 90 vol % ethanol;

wherein the supersaturated solution is crystallized
between 5-15 minutes to form the salt composition;

wherein the supersaturated solution is crystallized for
about 10 minutes to form the salt composition;

wherein the mixing step further comprises mixing the
supersaturated solution with the magnetic stir bar rotating at
125 RPM or less;

wherein the method further comprises drying the salt
composition;

wherein the drying step further comprises vacuum filtra-
tion;

wherein the salt solution comprises an additive in the
range of 0.3-0.8 wt % relative to the solute;

wherein the additive is selected from the group consisting
of barbituric acid, glycine, and sodium citrate;

wherein the salt composition comprises hopper cubes
with a size in the range of 80-150 pm;

wherein the hopper cubes have a surface area between
0.23-0.19 m*/g;

wherein the salt composition further comprises simple
hopper cubes, hollow cubes, and solid cubes;

wherein the salt composition further comprises complex
hopper cubes;

wherein steps of the method are carried out at a tempera-
ture between 20-30° C.; and

wherein the method further comprises filtering the salt
composition to obtain a select particle sizes.

In a third embodiment, novel aspects of the present
disclosure are directed to a food product comprising an outer
surface; and a salt composition applied to the outer surface
of the food product, wherein the salt composition comprises
a plurality of salt crystals with a surface area of at least
0.19-0.23 m*/g and a Hall density of less than 0.8 g/cm®.

In another aspect of the third embodiment, novel aspects
of the present disclosure are directed to a food product
comprising an outer surface; and a salt composition applied
to the outer surface of the food product, wherein the salt
composition comprises a plurality of salt crystals with a
surface area of at least 0.19-0.23 m*/g and a Hall density of
less than 0.8 g/cm?>, the food product further comprising one
or more limitations selected from the following:

wherein each of the plurality of salt crystals is at least 10
um in size;

wherein the salt composition comprises a first portion
having a mature hopper cube morphology;
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wherein the plurality of salt crystals in the first portion are
between 80-150 um in size;

wherein the plurality of salt crystals further comprises a
second portion having a simple hopper cube morphology, a
third portion having a hollow cube morphology, and a fourth
portion having a solid cube morphology;

wherein the plurality of salt crystals in the second portion
are between 50-100 um in size, wherein the plurality of salt
crystals in the third portion are between 30-50 um in size,
wherein the plurality of salt crystals in the fourth portion are
between 15-25 um in size;

wherein the plurality of salt crystals further comprises a
fifth portion having a complex hopper cube morphology;

wherein the plurality of salt crystals in the fifth portion are
between 80-150 um in size; and

wherein the plurality of salt crystals comprises sodium
chloride.

Although embodiments of the invention have been
described with reference to several elements, any element
described in the embodiments described herein are exem-
plary and can be omitted, substituted, added, combined, or
rearranged as applicable to form new embodiments. A
skilled person, upon reading the present specification, would
recognize that such additional embodiments are effectively
disclosed herein. For example, where this disclosure
describes characteristics, structure, size, shape, arrange-
ment, or composition for an element or process for making
or using an element or combination of elements, the char-
acteristics, structure, size, shape, arrangement, or composi-
tion can also be incorporated into any other element or
combination of elements, or process for making or using an
element or combination of elements described herein to
provide additional embodiments.

Additionally, where an embodiment is described herein as
comprising some element or group of elements, additional
embodiments can consist essentially of or consist of the
element or group of elements. Also, although the open-
ended term “comprises” is generally used herein, additional
embodiments can be formed by substituting the terms “con-
sisting essentially of” or “consisting of.”

While this invention has been particularly shown and
described with reference to preferred embodiments, it will
be understood by those skilled in the art that various changes
in form and detail may be made therein without departing
from the spirit and scope of the invention. The inventors
expect skilled artisans to employ such variations as appro-
priate, and the inventors intend the invention to be practiced
otherwise than as specifically described herein. Accordingly,
this invention includes all modifications and equivalents of
the subject matter recited in the claims appended hereto as
permitted by applicable law. Moreover, any combination of
the above-described elements in all possible variations
thereof is encompassed by the invention unless otherwise
indicated herein or otherwise clearly contradicted by con-
text.

We claim:

1. A salt composition comprising a plurality of salt
crystals with an edge length between 10 pm and 150 pm, a
BET surface area of at least 0.19-0.23 m*/g, and a Hall
density of less than 0.8 g/cm®, wherein the plurality of salt
crystals comprises a first portion having a mature hopper
cube morphology, a second portion having a simple hopper
cube morphology, a third portion having a hollow cube
morphology, and a fourth portion having a solid cube
morphology.
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2. The salt composition of claim 1, wherein the plurality
of salt crystals further comprises a bulk density of less than
0.90 g/cm®.

3. The salt composition of claim 1, wherein the plurality
of'salt crystals in the second portion are between 50-100 pm
in size, wherein the plurality of salt crystals in the third
portion are between 30-50 um in size, wherein the plurality
of salt crystals in the fourth portion are between 15-25 pm
in size.

4. The salt composition of claim 1, wherein the plurality
of salt crystals further comprises a fifth portion having a
complex hopper cube morphology.

5. The salt composition of claim 4, wherein the plurality
of salt crystals in the fifth portion are between 80-150 um in
size.

6. The salt composition of claim 1, wherein the plurality
of salt crystals comprise sodium chloride.

7. A method for forming a salt composition, the method
comprising:

providing an antisolvent solution;

adding a salt solution to the antisolvent solution to form

a supersaturated solution, wherein the salt solution has
a concentration greater than 15 wt % solute, and
wherein the mass ratio of the salt solution to antisolvent
solution is in the range of 1:20 to 1:1.25; and
crystallizing the supersaturated solution to form the salt
composition with a plurality of salt crystals with an
edge length between 10 pm and 150 pmm, a BET
surface area of at least 0.19-0.23 m?%g, and a Hall
density of less than 0.8 g/cm?®, wherein the plurality of
salt crystals comprises a first portion having a mature
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hopper cube morphology, a second portion having a
simple hopper cube morphology, a third portion having
a hollow cube morphology, and a fourth portion having
a solid cube morphology.

8. The method of claim 7, wherein the salt solution
comprises a solute dissolved in a solvent, and wherein the
salt solution is less than 27 wt % of the solute.

9. The method of claim 8, wherein the solute comprises
sodium chloride and the solvent comprises water.

10. The method of claim 7, wherein the antisolvent is
ethanol.

11. The method of claim 10, wherein the antisolvent is
less than 100 vol % ethanol.

12. The method of claim 7, wherein steps of the method
are carried out at a temperature between 20-30° C.

13. A food product comprising:

an outer surface; and

a salt composition applied to the outer surface of the food

product, wherein the salt composition comprises a
plurality of salt crystals with an edge length between 10
um and 150 umm, a BET surface area of at least
0.19-0.23 m*g and a Hall density of less than 0.8
g/cm?, wherein the plurality of sodium chloride crystals
comprises at least one of a first portion having a mature
hopper cube morphology, a second portion having a
simple hopper cube morphology, a third portion having
a hollow cube morphology, and a fourth portion having
a solid cube morphology.

14. The food product of claim 13, wherein the plurality of
salt crystals comprise sodium chloride.
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